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I Claim: 



1. A composition of matter comprising a 

Plurauty of cells containing diverse combinations of first 

and second DNA sequences encoding first and second 

polypeptides which form heteromeric receptors, one or both 

said polypeptides being e=cpressed as fusion proteins on 
the surface of a cell. 

2. The composition of claim l, wherein said 
plurality of cells are E. coli . 

3. The composition of claim i, wherein said 
heteromerxc receptors selected from the group consisting of 
antxbodies, t cell receptors, integrins, hormone receptors 
and transmitter receptors. 

4. The composition of claia i, wherein said 
f rst and second DMA s«p«„c.. encode functional portions 
of heteromeric receptors. 

^" composition of claim 4, wherein said 

first and second DNA sequences encode functional portions 
of the variable heavy and variable light chains of an 

antibody', 

6. The composition of claim l, wherein said 
cell produces filamentous bacteriophage. 

7. The composition of claim 6, wherein said 
filamentous bacteriophage are selected from the group 
consisting of M13, fd and fl. 

8. The composition of claim 6, wherein at least 
one Of the encoded first or second polypeptides is 
expressed as a fusion protein with gene VIli 
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9. 



10 



A kit for the preparation of vectors useful 
for the coexpression of two or more DNA sequences encoding 
polypeptides which for:n heteromeric receptors comprising 
two vectors, a first vector having two pairs of restriction 
sites symaerrically oriented about a cloning site which can 
be combined with a second vector, having two pairs of 
restriction sites sy^etrically oriented about a cloning 
site and in an identical orientation to that of the first 
vector, Wherein one or both vectors contains sequences 
necessary for expression of polypeptides encoded by DNA 
sequences inserted in said cloning sites. 

10. The kit of Claim 9, wherein said first and 
second vectors are circular. 

11. The kit of claim 9, wherein said expression 
peptides is as fusion proteins on the surface of a cell. 

12. The kit of claim 9, wherein said cell 
produces filamentous bacteriophage. 

13. The kit of claim 9, wherein said filamentous 
bacteriophage is selected from the group consisting of M13, 
fd and fl. 

14. The kit of claim 13, wherein at least one of 
the DMA sequences is expressed as a fusion protein with 
gene VIli. 

15. The kit of claim 9, wherein said two pairs 
Of restriction sites are Hind IIl-Mlu I and Hind IIl-Mlu I. 
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hetero^eric r.IlZ^ Polypeptides which for, . 

havih, a diverse polLir"'""' ' °' 

pairs Of restriction """"^ ''"^"9 
clonin. Sit. ro/ !■ . -i-ted about a 

site for containing said first ,nH 

populations of dhA sequences so / . 
10 operational coabinationtr. . ""^^ 
"rst and second D^^se^encer 

and ::;ond^Vcro:l^^rc:r 

..tero„eric";e=e:t\::it^rfirj"" 

antibodies, T cell ren.It '""^ consisting of 

«d trans^Utertecj:/.::"' 

first and ILnrm* "'"^ °' "^"^ 

o. hetero.errrecT:to;~ ~ 

first aid llconT'o^'""'"^ °' ""--^i" 

o* the vJl^r^ r '-"lonal portion. 

«.tlb«,y "'"^ c«»i». Of „ 

ccexpressl™ oTlT:: "'^'^ "^"'^ 

polypeptide, vhl=hTor» a hT ^""^i"' 
surface of cell "eteroBerlc recept r 1. on the 

cell produ"; a °' """^i" 

proQuces a filamentous bacteriophage. 
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consisting of M13. fd 



consisting of M13, fd and fi. 
24 



leas, one o^rr^/^Iin^nr """" " 

lII-Mlu I. I Hind 

a p-"u;^/;rr^;;--— -"--3 cc„.in,„, 

encodin, polypeptides which fo™ ? ""^ "'"^""^ 

ex.i.itin, Mndin, .c.iC=rd pr.rr 
said DHA se,.e„ce encoding heterojrio ' 
oparatively linked to genes enc!!? ""P«=rs being 

cell. ' encoding surface proteins of a 

27. The expression vectors of clai. ,« „k 
said expression vectors are circular. ' 

said heteririrr::::::::"" °' »• -"^n 

consisting of antiloire: ^"T'"'' '""^ 
— receptors and tr^Jt^t^X"."' 

said .irst"-a„d"s'e:^r"Kr.?r" " "'^ 

portions Of hetero^ric re^^ptor."""" """'""-^ 

said tlr,t";nd"'se'T"'°" °' -^'"^ 

Portio«"f.l7 r ""^ "CO- functional 
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31. 



31. The expression vectors of claim jt, u • 
sa.. cells produce fil^entous bacteri.pC 

32. The expression vectors of clai» 5« u 
said aia».n.ous .actericphage are s.ieLd 
consisting o( mi3, fd and fl. 

at least o„e"of T^e ir/ed ri/st" " 
expressed as a fusion preirji^^r 



Population^lf tectrV/i. ^^1/^ 

population Of heteromeric receoto« ^"^.^'"^ ^ 

ixc receptors, comprising: 

(a) operationally linking to a first vector 
a first population of diverse DMA 
sequences encoding a diverse population 
Of first polypeptides, said first 
vector having two pairs of restriction 
sites symmetrically oriented about a 
cloning site; 



(b) 



operationally linking to a second 
vector a second population of diverse 
DNA sequences encoding a diverse 
population Of second polypeptides, said 
second vector having -two pairs of 
restriction sites symmetrically 
oriented about a cloning site in an 
identical orientation to that of the 
first vector; and 

(c) combining the vector products of step 
(a) and (b) under conditions which 
allow only the operational combination 
Of vector sequences containing said 
first and second DMA sequences. 
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35. The method of cia<« •>.! 

;,nH ^ or Claim 34, wherein said first 

and second vectors are circular. 

36. The method of cla-im 

consisting ot antibodies, T cell re=.„.. 
ho^one .eceptcs tra^s^itte ".eirpLt " ' 

°' "''^"in =aid first 

variable heavy and variable ligbt chains o* an antibody. 

38. The method of clai™ -^^ w . 
expression of a diverse populatio^c^ h . 

is on the surface of a cell ric receptors 

39. The method of cia-i™ -jt 

ni.nH„^«« w Claim 37, wherein said cell 

produces a bacteriophage. 

40. The method of clai™ -»o 
filamentous bacteriophage is select 
consisting Of H13, fd anlfl 

of said fi?; °' """^i" " 1"-' »~ 

«ne Vllfr < " ™* " as a 

gene Vlii fusion protein. 

pairs Of restriction .lt« are Hi™, xil^„ i and Hind in- 
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43. The method of claim 34, wherein said 
combining step further comprises: 

(CI) restricting said first vector with a 
restriction enzyme recognizing one of 
the restriction sites encoded in said 
two pairs of restriction sites; - 



10 



15 



(C2) 



restricting said second vector with a 
different restriction enzyme 
recognizing the second restriction 
site encoded in said two pairs of 
restriction sites; 



(C3) digesting the 3' ends of said 
restricted first and second vectors 
with an- exonuclease; and 

(C4) annealing said first and second 
vectors. 



10 



15 



20 



25 



30 
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44. A method for selecting a heteromeric 
receptor exhibiting binding activity toward a preselected 
molecule from a population of diverse heteromeric 
receptors, comprising: 

(a) operationally linking to a first vector 
a first population of diverse, DNA 
sequences encoding a diverse population 
of first polypeptides, said first 
vector having two pairs of restriction 
sites symmetrically oriented about a 
cloning site; 

(b) operationally linking to a second 
vector a second population of diverse 
DNA sequences encoding a diverse 
population of second polypeptides, said 
second vector having two pairs of 
restriction sites synunetrically 
oriented about a cloning site in an 
identical orientation to that of the 
first vector; 

(c) combining the vector products of step 
(a) and (b) under conditions which 

^ only the operational combination 

of vector sequences containing said 
first and second DMA sequences. 

(d) introducing said population of combined 
vectors into a compatible host under 
conditions sufficient for expressing 
said population of first and second DNA 
sequences ; and 



determining the heteromeric receptors 
which bind to said preselected 
molecule. 
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45. The method of claim 44, wherein said first 
and second vectors are circular. 

46. The method of claim 44, wherein said 
heteromeric receptors are selected from the group 
consisting of antibodies, T cell receptors, integrins, 
hormone receptors and transmitter receptors. 

47. The method of claim 44, wherein said first 
and second DNA sequences encode functional portions of 
heteromeric receptors. 

48. The method of claim 47, wherein said first 
and second DNA sequences encode functional portions of the 
variable heavy and variable light chains of an antibody. 

49. The method of claim 44, wherein said 
expression of a diverse population of heteromeric receptors 
is on the surface of a cell. 

50. The method of claim 49, wherein said cell 
produces a filamentous bacteriophage. 

51. The method of claim 50, wherein said 
filamentous bacteriophage is selected from the group 
consisting of M13, fd and fl. 

52. The method of claim 51, wherein at least one . 
of said first or second DMA sequences is expressed as a 
gene VIII fusion protein. 



53. The method of claim 44, wherein said two 
pairs of restriction sites are Hind IIl-Mlu I and Hind III- 
Mlu I. 
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54. The method of claim 44, wherein said 
combining step further comprises: 



10 



15 



(CI) 



(C2) 



restricting said first vector with a 
restriction enzyme recognizing one of 
the restriction sites encoded in said 
two pairs of restriction sites; 

restricting said second vector with a 
different restriction enzyme 
recognizing the second restriction 
site encoded in said two pairs of 
restriction sites; 



{C3) digesting the 3» ends of said 
restricted first and second vectors 
with an exonuclease; and 

(C4) annealing said first and second 
vectors. 



\ 



10 



15 



20 
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55. A method for determining the nucleic acid 
sequences encoding a heteromeric receptor exhibiting 
binding activity toward a preselected molecule from a 
diverse population of heteromeric receptors, comprising: 

(a) operationally linking to a first vector 
a first population of diverse DNA 
sequences encoding a diverse population 
of first polypeptides, said first 
vector having two pairs of restriction 
sites symmetrically oriented about a 
cloning site; 

(b) operationally , linking to a second 
vector a second population of diverse 
DNA sequences encoding a diverse 
population of second polypeptides , said 
second vector having two pairs o£ 
restriction sites synuaetrically 
oriented about a cloning site in an 
identical orientation to that of the 
first vector; 
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(c) 



30 



combining the vector products of step 
(a) and (b) under conditions which 
allow only the operational combination 
of vector sequences containing said 
first and second DNA sequences. 



(d) introducing said population of combined 
vectors into a compatible host under 
conditions sufficient for expressing 
said p pulation of first and second DNA 
sequences ; 
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(e) determining the heteromeric receptors 
which bind to said preselected 
molecule; 

(f) isolating the nucleic acid sequences 
encoding said first and second 
polypeptides; and 

(g) sequencing said nucleic acid sequences. 

56. The method of claim 55, wherein said first 
and second vectors are circular. 

57. The method of claim 55, wherein said first 
heteromeric receptors selected from the group consisting of 
antibodies, T cell receptors , integrins , hormone receptors 
and transmitter receptors. 

58. The method of claim 55, wherein said first 
and second DNA sequences encode functional portions of 
heteromeric receptors. 

59. The method of claim 58, wherein said first 
and second DNA sequences encode functional portions of the 
variable^ heavy and variable light chains of an antibody. 

60. The method of claim 55, wherein said 
expression of a diverse population of heteromeric receptors . 
is on the surface of a cell filamentous bacteriophage 
selected from the group consisting of M13, fd and fl and at 
least one of said first or second DMA sequences is 
expressed as a gene VIII fusion protein. 



61. The method of claim 55, wherein said cell 
produces filamentous bacteriophage. 
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62. The method of claim 61, wherein said 
filamentous bacteriophage is selected from the group 
consisting of M13 , fd and fl. 

63 • The method of claim 62/ wherein at least one 
of said f rist or second DNA sequences is expressed as a 
gene VIII fusion protein* 

64. The method of claim 50, wherein said two 
pairs of restriction sites are Hind III-Mlu I and Hind III- 
Mlu I. 

65. The method of claim 50, wherein said 
combining step further comprises: 

(CI) restricting said first vector with a 
restriction enzyme recognizing one of 
5 the restriction sites encoded in said 

two pairs of restriction sites; 

(C2) restricting said second vector with a 
different restriction enzyme 
recognizing the second restriction 
site encoded in said two pairs of 
^5 restriction sites; 

(C3) digesting the 3' ends of said 
restricted first and second vectors^ 
vith an exonuclease; and 



15 



annealing said first and second 
vectors. 
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66. 



A vector comprising tvo copies of a gene 
encoding a filamentous bacteriophage coat protein, one copy 
Of said gene capable of being operationally linJced to a DNA 
sequence encoding a polypeptide of a heteromeric receptor 
vherein said DNA sequence can be e^ressed as a fusion 
protein on the surface of said filamentous bacteriophage or 
as a soluble polypeptide. 

67. The vector of claim 66, wherein said two 
copies Of said gene encode substantially the same amino 
acid sequence but have different nucleotide sequences. 

68. The vector of claim 66, wherein said one 
copy Of said gene is expressed on the surface of said 
filamentous bacteriophage. . 

69. The vector of claim 66, wherein said 
bacteriophage coat protein is M13 gene VIII. 

70. The vector of claim 66, wherein said vector 
has substantially the same sequence as that shown in Figure 
2 (SEQ ID NO: 1) . 

71. A vector comprising sequences necessary for 
the coexpression of two or more inserted DNA sequences 
encoding polypeptides which form heteromeric receptors and 
two copies of a gene encoding a filamentous bacteriophage 
coat protein, one copy of said gene capable of beinr 
operationally linked to one of said two or more inserted 
DNA sequences wherein said DMA sequence can be expressed as 
a fusion protein on the surface of said filamentous 
bacteriophage or as a s luble polypeptide. 

72. The vector of claim 71, wherein said two 
copies of said gene encode substantially the same amino 
acid sequence but have different nucleotide sequences. 



73. The vector of claim 71, wherein said one 
copy of said gene is expressed on the surface of said 
filamentous bacteriophage. 

74. The vector of claim 71, wherein said 
bacteriophage coat protein is M13 gene VIII. 

75. The vector of claim 71, wherein said vector 
has substantially the same sequence as that shown in Figure 
6 (SEQ ID NO: 5) . 



